NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


TECHNICAL NOTE 
No. 1205 


DATA ON OPTIMUM LENGTH, SHEAR STRENGTH, AND TENSILE 

STRENGTH OF AGE -HARDENED 17S-T MACHINE -COUNTERSUNK 

RIVETS IN 75S-T SHEET 

By EvanH. Schuette and Donald E. Niles 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va, 



Washington 
March 1947 


W|»r: 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


TECSNICAL NOTE NO. 1205 


mHA ON OPTIMUl ‘1 LENGTH, SHEL"iR STRENGTH, AND TENSILE 
STRENGTH OF AGE -E'>J<DENED lyS-T HlCEIIffi -COUNTEESUIJK: 


RIVETS IN 75s -T SHEET 
By Evan E. Schuatte and Donald E. Niles 


SUMMP-RY 


A series of tensile -strength and shear -strength tests were made 
on age -hardened I7S-T rivets machine -countereiAnk in 75 ‘'’"T sheet. The 
riveted joints were constructed hy the NACA reverse -driving method 
of countersunk riveting; the angle of countersink was 60° and the 
depth of countersink was half the rivet diameter or 1-25 times the 
sheet thickness, whichever was less. The results of the tests indicated 
that such joints can he taade satisfactorily with regard to both 
fluslmess and strength, if the ratio of buck (the length of rivet 
protruding beyond the stirface of the countersunk sheet before driving) 
to diameter of the rivet is kept between 0.9 und 1.5- Curves are 
presented giving the rivet strength in terms of the single -sheet 
thickness for joints in which these limits have been observed. 


INTRODUCTION 


The use of I7S-T rivets in the age -hardened condition has 
usually been avoided in the past because such rivets are harder to 
drive then annealed rivets. With the introduction of higher -strength 
sti'uctural alloys, however, use of stronger rivets has become 
desirable for developing the full potential strength of a structure, 
and age -hardened rivets have in seme cases been used. 

In order to provide data on the strength of age -hardened 
17s -T rivets (sometimes designated 17S-TA rivets) and also to study 
the optimum length of I'ivet for joining sheets of given thickness by 
the NACA reverse -driving method of comitersunk riveting, a series 
of shear -strength and tensile -strength tests were made on I7S-TA rivets 
in 75s -T aluminum -alloy sheet. 

For completeness, this report Includes full details of test 
specimens, test procedure, and data obtained. If, however, the 
reader does not wish to concern himself with these details, he la 
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referred directly to figure 3 which shove the procedure for driving 
the rivets, to figure I9 which sumarizee the significant results, 
and to the Conclusions. 

TEST SPECBENS 

The speciraens used in the tensile -strength tests consisted 
of two sheets of 75S-T aluminum alloy of equal nominal thicknesses 
esBemhled with one 17S-T/i. rivet, as shown in figure 1. The shear 
specimens consisted of two sheets of 75^'T alimiinum alloy of equal 
nominal thicknesses aasemhled into a lap joint hy two I7S-TA rivets 
as showm in figure 2. 

The KACA flush -riveting procedure (sue fig* 3) vas used in 
the preparation of the specimens. A complete discussion of this 
procedure is given in reference 1. Briefly, the method consists 
of inserting a round -head I’ivet into the uncountersuiik end of the 
hole and upsetting the end of the shank into the countersink. The 
excess material is milled off with a flush-rivet mli.ling tool similar 
to the one .shown in figure 20 of reference 1. All rivets in the 
preseiit program' wore squeezed hydraulically. 

The depth of countersink was half the rivet diameter or I.25 
times the sheet thickness, whichever was Ic.ss. The angle of 
countersink ■was 6o° and the values of the variahles for which tests 
were made are given in the following table. Shear and tensile 
specimens were tested for each combination of variahles for which 
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'fF,ST PROCEDUEE 


The test procediire for the tensile apeciriens was the same as 
that descrihed in reference 2. The specimens were moiaated in the 
fixtures which are shown in figure U. The small rods on each of 
the fixtures pass through the holes in one of the sheets of the 
specimen and hear against the other sheet. When load is applied, 
the rods push the sheets apsirt and thus subject the rivet to tensile 
load. These specimens wore loaded at the rate of 400 pounds per 
minute mtll failure, and the maxlmim load was recorded. 

The test procedure for the shear specimens was essentially the 
same as that descrihed in reference 3* Loads were applied through 
Templln grips. The slip of one sheet with respect to the other was 
measured at the edges of the sheets opposite the riveted Joint by 
means of two optical micrometers, one on each side of the specimen, 
as shown in figure 5’ The specimens were subjected to alternate 
application and release of load; the load, however, was never released 
below a "zero " val’ue of 50 pounds . The permanent slip that remained 
after each application of load was recorded, as was also the lofid 
causing failure. 

All tests were conducted in the 100, 000 -poiind -capacity testing 
machine in the Langley etruotures research laboratory. The loads 
indicated by this machine are within one -half of one percent of the 
true loads. The sensitivity of the optical micrometers used for 
reading slip Is approximately 0.0002 inch. 

Prior to riunnlng emy test, the specimen was examined and an 
appraisal was made, based on the e.ppearance of the countersunk 
head, as to whether the rivet had been too long, too short, or 
satisfactory for producing a good flush surface. 


KESm TS AKl) DISCUSSIOW 


Results of the tests are given in tables 1 to 5* The 
yield load in those tables is arbitrarily defined as the shear load 
per rivet required to produce a permanent slip equal to k percent 
of the rivet diameter; this definition of yield lead is the same 
as that used in reference 1. The three types of failure indicated 
in the tables a.re illustrated by figi^res 6 to 8. In ord,or to 
show the general tightness characteristics of the r.ivets, load -slip 
c^nrvos for all the shear spociaiens are given in fig'ures 9 bo 11. 
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The teat results ere also presented graphically In figures 12 
to 3.4, in which loads in shear and in tension are plotted against 
ihe single -sheet thiclmess for each rivet diameter and length. 

In order to avoid unnecessary confusion of the test points, only 
an average valu.e of yield load 3 s plotted for each sheet tiiiclvness . 

The cur-ves for maximuBi load are shown as solid lines over the 
range for which the appraisal hefore testing indicated that the 
rivet length was satisfactory. 

If a rivet is too short, it does not provxde enough material to 
fill the co'ontersunk cavity; if a rivet is too long, it tends to 
"buckle to one side in driving and leaves an unfilled space on the 
opposite side of the countersunk cavity. In either case the resulting 
rivet is not perfectly flush. The requirement of flushness conaequontlj' 
sets limits on the range of sheet thickness over which a given rivet 
length should "bo used. A minimum which these limits may assume is 
indicated hy the extent of tho solid lines in figures 12 to l 4 . 

These solid lines for each rivet length are replottsd in figures I5 
to 17, which show that the appraisal made on tho ba,eis of fluehness 
was evidently sufficient to eliminate any rivet the strength of which 
was a"bnormally low in comparison with the main trends of the results . 

The solid lines therefore denote a range witlain which the rivets 
are satisfactory with regard to "both flushneso and strength. These 
ranges are shovn in figvne 18 as horizontal lines for each rivet 
diameter and length (where tension end shear specimens indicate 
diffei-ent ranges, the smaller range vras used). Grip length (double - 
sheet thickness) is used for the a"bscissa in figure 18 rather then 
sheet tliickness to facilitate oai?^ calculation of buck (rivet length 
minus gi'ip length ) . 

A study of the data indicated that the .limits for obtaining 
satisfactory rivets corresponded roughly to constant ratios of buck 
to diameter of the rivet. The limiting "buck-to -diameter ratios 
were fo'ond to he approximately O.9 and I.9 fox* a .11 the diameters. 

In selecting the limits, it was taken into consideration that the 
-horizontal lines in figure 18 represent only minimum ranges that 
could proha"bly "be extended in several cases if additional test 
data were available . 

In order to show the shear and tensile strengths that are 
achieved with I7S-TA rivets in 7 ?S-T sheet when the buck-to -diameter 
ratio is with.in the limits given, a single curve was faired through 
each of the composite curves of figures I5 to I7, cx.d the 
single cur\'’ea are plotted in fig.iro 19 * Average curves for the 
yield load 3 n shear are also eho\m. Figure I9 indicates that, -vaLth 
a buck-to -diameter ratio in the given optimum range, the shear joints 
were reioarkably tight, as the yield lot.d is in no case subs tantial 3 .y 
less than 90 percent of the failing load. 
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CONCLUSIONS 


Tensile -strength and shear -strength tests were made on riveted 
joints constructed hy the NACA reverse -driving method of coimtersunk 
rlvet?.ng v/ith age -hardened I7S-T rivets (sometimes designated ^ 

17s -TA rivets) in 75S-T sheet; the angle of countersink was 60 and 
the depth of countersink was half the rivet diameter or 1-25 timos 
the sheet thickness, whichever was loss- The results of the tests 
indicated that such Joints can he made satisfactorily in rega,rd to 
both fluohness and strength if the ratio of buck (the length of 
rivet protruding beyond the surface of the countersunk sheet before 
driving) to diameter of the rivet is kept between O.9 and 1 - 5 * 

Curves are presented giving the rivet strength in terms of the 
single -sheet thickness for Joints in which those limits have been 
observed. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., October 18, I9I6 
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TABL£ 1 

TEST RESULTS PUB AGE -HARKENED I7S-T RIVETS MACTINE -COUTOTRSUNK IN 753 “T SHEET. 

RIVET DIA^ETER, I/8 INCH. 



Tension 

Shear 


Sheet 

Appraisal 

Type of 

Maximum 

AppraisaJL 

Type of 

Yield 

MajclmjDQ 

thickness 

before 

failure 

load 

before 

failure 

load 

load 


test 


per rivet 

test 


per rivet 

per rivet 

(In.) 


(a) 

(It) 


(a) 

(It) 

(It) 


Rivet length, l /4 in. 


0.020 

Satisfactory 

1 

160 

Satisfactory 

1 

21)0 

21)0 

.020 

do 

1 

140 

do 

1 

220 

230 

.020 

do 

1 

105 

do 

1 

230 

230 

.020 




do 

1 

215 

215 

.032 

do 

1 

205 

do 

1,2 

380 

1)00 

.032 

do 

1 

aoo 

do 

1 , 2,3 

1)20 

435 

.032 

do 

1 

230 

do 

1,2 

375 

395 

.032 

do 

1 

235 





.040 

do 

1,2 

295 

do 

3 

1)83 

485 

.040 

do 

1,2 

305 

do 

3 

1)35 

450 

.040 

do 

1,2 

325 





.051 

do 

1,2 

520 

-—--do 

3 

370 

445 

.051 

do 

1,2 

300 

——-do 

3 

390 


.051 

do 

1,2 

375 

—do 

3 

1 ) 7 D 

485 

.064 

do 

2 

6U5 

do 

3 

1)50 

555 

.o 64 

do 

1,2 

610 

-----do 

3 

1)05 

510 

.064 

do 

2 

590 

-——do 

3 

i)&) 

570 



Rivet length, 5/16 in. 


0.051 

Satisfactory 

2 

330 

Satisfactory 

3 

565 

600 

.051 

— do 

2 

370 

do 

3 

505 

505 

.051 

do 

2 

370 

do 

3 

465 

470 

.064 

do 

2 

620 

do 

3 

555 

570 

.064 




-——do— — 

3 

515 

555 

.081 

do 

3 

790 

do 

3 

6id 

64 o 

.081 

--do““**“" 

2 

880 

1 

1 

1 

1 

1 

1 

1 

• 

1 

3 

^75 

590 

.081 

-----do-"*-" 

2 

8iio 

- — --do 

3 

510 

560 

.091 

--“--do--”** 

2 

975 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

590 

640 

.091 

do 

2 

860 

——do 

3 

500 

590 

.091 




— do 

3 

510 

550 

.102 

-- — do 

2 

900 

--do— --- 

3 

615 

630 

.102 

do 

2 

950 

-----do — - — 

3 

575 

600 

.102 

do — 

3 

950 

-—-do 

3 

6 ^ 

660 


^allure types identified in figs. 6 to 8 . 
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TABIi; 2 

TEST RESULK FOR AGE -HARDENED I7S-T RIVETS MACHINE -OOUinERSUNK IN T5 S-T SHEET. 
rivet diameter, 5/32 INCH. 


Sheet 

thickness 

(in.) 


Tension 

She 

ar 


Appraisal 

"before 

test 

Typo of 
failure 

(a) 

Maximum 

load 

per rivet 
(ID) 

Appraisal 

before 

tost 

Type of 
failure 

(a) 

Yield 

load 

per rivet 
(ID) 

Maximum 

load 

per rivet 

(ID) 


Rivet length, l/U in. 


0.020 

.020 

.020 

.032 

.032 

.032 

.OUO 

.0l<0 

.OUO 

.051 

.051 

.051 

,06k 

,c6h 

.064 

.064 

.102 

.102 

.102 

.102 


Satisfactory 
do 


dO”““*” 

do 

do 

- — -do 
--—do — *• 

do 


--do — •’ 

--do 

--do 

— do 

— do 

— do-— 
— (Jo— 

— do — 
Short 
-do— 
-do — 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1,2 

1,2 

1,2 

2 

1,2 

1,2 

2 

2 

2 

2 

2 


180 

95 

130 

230 

225 

205 

355 

350 

400 

470 

450 

510 

665 

645 

755 

750 

1550 

1190 

1085 

185 


Satisfactory 

1 

270 

270 

— do-- — 

1 

290 

290 

——do 

1 

310 

31D 

— — do 

1,2 

470 

485 

do 

1,2 

455 

455 

-----do----- 

1,2 

470 

470 

1 

f 

1 

<§ 

1 

1 

1 

1 

2 


765 

-----do——- 

2 

680 

700 

— — do——* 

2 

740 

770 

1 

1 

1 

, 

1 

1 

3 

705 

800 

-----do-- — 

3 

740 


-----do----- 

3 

810 

845 

— do----- 

3 

780 

805 

— — do— 

3 

665 

770 


3 

910 

920 

Short 

3 

720 

820 

-do-- 

3 

700 

820 

-do-- 

3 

740 

830 


Rivet length, ^/l6 in. 


0.020 

.020 

.020 

.032 

.032 

.032 

.051 

.051 

.051 

.064 

.064 

.064 

.064 

.081 

.081 

.081 

.091 

.091 

.091 

.125 

.125 

.125 


Long 

1 

200 

Satisfactory 

1 

150 

Long 

1 

l40 

Satisfactory 

1 

265 

— do — -- 

1 

240 

do 

1 

205 

do 

1 

400 

— - — do----- 

1 

420 

do 

1 

480 

- — --do----- 

2 

680 

-----do----- 

2 

680 

-- — do----- 

1,2 

720 

do 

1,2 

720 

— --do 

2 

985 

-do----- 

1,2 

ino 

— --do 

1,2 

1015 

do — — 

2 

ii4o 

do 

2 

1205 

do--—- 

2 

1270 

Short 

2 

1375 

-do — 

2 

1120 

-do — 

2 

1325 


Satisfactory 

do 

do 


— do--“ 

-----do--- 
- — -do----- 

do 

do----’ 

-----do- — -’ 


— do---- 
--dQ— -- 
—do 


--do — 

— do — -" 
--do---” 


--do--'" 
--do — 
—do — ' 

Short 
-do — 
"do — 


1 

1 

1 

1 

1 

1 

3 

3 

3 

3 

3 

3 


24o 

260 

250 

390 

385 

355 

735 

745 

74c 

960 


780 

830 

825 

880 

82c 

775 

7Q0 

630 

670 


240 

260 

250 

400 

400 

410 

830 

840 

800 

1000 

850 

900 


810 

860 

890 

850 


870 


B. /-a 

Failure types identified in figs. 6 to o. 
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COMMITTEE F0« AERONAUTICS 


NACA TN No. 1205 


9 


TABLE 2- Continued. 


TEST RESULTS. RIVET DIAMETER, 5/32 INCE.- Continued. 



Tension 

Shear 

Sheet 

Appraisal 

Typo of 

Maxlnatm 

Appraisal 

Typo of 

Yield 

Maximum 

thickness 

■before 

failure 

load 

"before 

failure 

load 

load 




per rivet 

test 


per rivet 

per rivet 

(in.) 


(a) 

(ii>) 


(a) 

(vt>) 

(It) 


Rivet length, 3/8 in. 

0.020 

Satisfactory 

1 

IDO 

Long 

1 

200 

200 

.020 

Long 

1 

120 

-do- 

1 

215 

220 

.020 

Satisfactory 

1 

IDO 

-do- 

1 

230 

2p 

.020 




-do- 

1 

225 

225 

.032 

do 

1,2 

210 

Satlsfactory 

1 

400 

500 

.032 

--do*-— • 

1 

215 

Long 

1 

300 

440 

.032 

-----do-”””- 

1 

210 

-do- 

1 

3^5 

390 

.051 

do 

1,2 

520 

Satlsfactory 

3 

75 

850 

.051 

do 

1,2 

525 

do — 

3 

700 

850 

.051 

do— 

1,2 

485 

do 

3 

700 

855 

.064 

do— — “ 

2 

800 

do — — 

3 

770 

84 o 

.064 

-----do——- 

2 

TOO 

— - — do — - — 

3 

735 

025 

.06U 

---—do- — -- 

2 

750 

- — --do----- 

3 

730 

850 

.081 

-----do— — - 

2 

1070 

do 

3 

730 

905 

.081 

do 

2 

10 40 

do 

3 

®05 

075 

.081 

do 

2 

1085 

do 

3 

000 

930 

.102 

— - — do 

2 

1545 

-----do----- 

3 

920 

950 

.102 

--— -do— — - 

3 

1500 

do 

3 


900 

.102 

-----do — — 

2 

1450 

-----do- — -“ 

3 


940 

.102 




do — -— 

3 

0^ 

930 

.125 

Short 

2 

1535 

do 

3 

065 

890 

.125 

-do- 

2 

1450 

Short 

3 



.025 

Satlefactory 

2 

1305 

— do- 

3 

015 

800 

.156 

Short 

2 

1050 

--do- 

3 

720 

845 

.156 

— do- 

2 

915 

--do- 

3 

750 


.156 

--do- 

2 

1020 

-- do- 

3 

750 


.156 




— do- 

3 

735 

850 



Rivet length. 

7/16 in. 




0.040 

Long 

1 

360 

Long 

1 ‘ 

320 

530 

.040 

-do- 

1 

540 

-do- 

1 

195 

475 

.040 

-do- 

1 

415 

-do- 

1 

330 

530 

.064 

-do- 

1 

48 o 

-do- 

3 

TOO 


.064 

-do- 

1 

650 

-do- 

3 

600 


.o 64 

-do- 

1 

470 

-do- 

3 

780 

800 

.081 

Satlsfactory 

1,2 

1115 

-do- 

3 

740 

845 

.081 

Long 

1 

620 

-do- 

3 

IS 

900., 

.081 

-do- 

1 

715 

-do- 

3 

600 

840 

.091 

Satisfactory 

2 

1405 

Satlefactorj 

3 

000 

890 

.091 

-----do— --- 

2 

1225 

do — --• 

3 

700 

800 

.091 

do 

2 

1125 

do 

3 

720 

850 

.102 

-- — do 

2 

1600 

— ---do----- 

3 

010 

890 

.102 

----- do--— - 

1,2 

1570 

— -“-do-— — 

3 


900 

.102 

do 

2 

1440 

- — -do-— -• 

3 

035 

925 

.125 

-—--do—--- 

3 

l 46 o 

-----do----- 

3 

920 

920 

.125 

do 

3 

1570 

do 

3 

860 

930 

.125 

do 

2 

1400 

do----' 

3 

610 

890 

.156 

Short 

3 

1510 

Short 

3 

925 

960 

.156 

Satisfactory 

3 

1450 

--do- 

3 

900 

970 

.156 

Short 

3 

1510 

--d.o- 

3 

915 

970 


^Failure types identified in figs. 6 to 8. 
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TABLE 2- Concluded. 

TEST RESULTS. RIVET DIAMETER, 5/32 INCH. - Concluded. 



Tension 

Shear 

Sheet 

Appraisal 

Type of 

Msiximuiii 

Appraisal 

Type of 

Yield 

Maxiimxn 

thickness 

"before 

failure 

load 

"before 

failure 

load 

load 


test 


per rivet 

test 


per rivet 

per rivet 

(in.) 


(a) 

(Ib) 


(a) 

(lb) 

(id) 

Rivet length, l/2 in. 

0.020 

Long 

1 


Long 

1 

145 

200 

.020 

-do- 

1 

80 

-do- 

1 

155 

180 

.020 

-do- 

1 

75 

-do- 

1 

105 

145 

.032 

-do- 

1 

l4o 

-do- 

1 

385 

440 

.032 

-do- 

1 

155 

-do- 

1 

240 

350 

.032 

-do- 

1 

155 

-do- 

1 

250 

350 

.051 

-do- 

1 

295 

-do- 

1,3 

230 

580 

.051 

-do- 

1 

100 

-do- 

3 

285 

650 

.051 

-do- 

1 

260 

-do- 

3 

300 

600 

.064 

-do- 

1,2 

325 

-do- 

3 

270 

720 

.o64 

-do- 

1 

400 

-do- 

3 

280 

750 

•064 

-do- 

1 

610 

-do- 

3 

265 

720 

.081 

-do- 

3 

710 

-do- 

3 

740 

935 

.081 

-do- 

1 

950 

-do- 

3 

675 

670 

.081 

-do- 

3 

1170 

-do- 

3 

540 

750 

.091 

Satisfactory 

2 

1010 

-do- 

3 

64o 

810 

.091 

Long 

1 

690 

Satisfactory 

3 

630 

750 

.091 

-do- 

1 

880 

do 

3 

740 

815 

.102 

-do- 

1 

^5 

Long 

3 

815 

890 

.102 

-do- 

3 

1390 

Satisfactory 

3 


8^ 

.102 

-do- 

1 

1290 

do 

3 

820 

905 

.125 

Satisfactory 

2 

1510 

do 

3 

810 

875 

.125 

do 

2 

1490 

-do 

3 

910 

950 

.125 

do 

2 

1365 

do 

3 

850 

905 

.156 

do-- — - 

3 

1525 

-- — do 

3 

975 

995 

.156 

do 

3 

l4l0 

I 

1 

1 

1 

1 

1 

3 

950 

960 

.156 

do 

3 

1385 

-----do-- — - 

3 

980 

1000 


failure types identified in figs. 6 to 8. 
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TABLE 3 

TEST RESULTS FOR AC2E -HARrENPJD I7S-T RIVETS MACHIlffi -COUNTERSUNK IN 75S-T SHEET. 
RIVET DIAMETER, 3/16 INCH. 



Tension 

Shear 

Sheet 

Appraisal 

Type of 

Maximum 

Appraisal 

Type of 

Yield 

Majcimiam 

thickness 

before 

failure 

load 

before 

failure 

load 

load 


test 


per rivet 

test 


per rivet 

per rivet 

(in. ) 


(a) 

(It) 


(a) 

(lb) 

(lb) 


Rivet length, l/4 in. 


0.020 

.020 

.020 

.032 

.032 

.032 

.051 

.051 

.051 

.081 

.081 

.081 

.081 

.102 

.102 

.102 

.102 

Satisfactory 

do 

— ---do" — 

do 

do 

do 

do 

do 

— --do 

Short 

-do-- 

-do”“ 

-do-- 

-do“- 
-do — 
-do“- 

1 

1 

1 

1 

1 

1 

1,2 

1 

1 

1 

1 

1 

1 

2 

2 

2 

90 

145 

180 

280 

240 

235 

500 

530 

500 

750 

285 

980 

620 

&ro 

310 

760 

Satisfactory 

do----- 

do 

do 

do 

-----do----- 

do 

do 

do 

Short 
-do — 
-do“- 

“do — 

-do — 

-do-- 

-do-- 

1 

1 

1 

1,2 

1 

1,2 

1,2 

1,2 

1,2 

1.3 
3 

3 

3 

2.3 
3 

3 

270 

270 

270 

585 

550 

550 

980 

1000 

910 

475 

1070 

1050 

710 

440 

270 

270 

270 

585 

550 

550 

980 

1025 

955 

1020 

1.200 

1190 

1070 

1050 

1090 

1065 




Rivet length, 

5/16 in. 




0.020 

Satisfactory 

1 

90 

Satisfactory 

1 

270 

270 

.020 

do 

1 

165 

do 

1 

245 

250 

.020 

do 

1 

160 

do 

1 

300 

300 

.032 

do 

1 

250 

do 

1 

540 

540 

.032 

-----do----- 

1 

245 

do 

1 

360 

390 

.032 

do 

1 

225 

do 

1 

500 

500 

.OilO 

do 

1 

320 

“do ----- 

1 

690 

720 

.0i*0 

do 

1 

300 

do 

1 

730 

740 

,OhO 

do 

1 

300 

do 

1 

780 

805 

,OUO 

— — do 

1 

390 





.051 

do 

1,2 

700 

do 

1 

900 

980 

.051 

do 

1,2 

480 

-do ----- 

1,2 

910 

950 

.051 

do 

1,2 

470 

do 

1 

935 

1010 

.051 

do 

1,2 

560 





.064 

do 

1,2 

710 

do 

3 

1110 

1160 

.064 

do 

1,2 

715 

do 

3 

960 

1060 

•064 

do 

1,2 

800 

-----do- 

3 

1170 

1170 


Failure types identified in figs. 6 to 8. 
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TABI£ 3 - Concluded 


TEST RESULTS. RIVET DIAMETTR, 3/16 IRCE.- Concluded. 



Tension 

Shear 

Sheet 

Appraisal 

Type of 

Maximum 

Appraisal 

Type of 

Yield 

Maximum 

thickness 

"before 

failure 

load 

before 

failure 

load 

load 


test 


per rivet 

test 


per rivet 

per rivet 

(in.) 


(a) 

(lb) 


(a) 

(lb) 

(lb) 

Rivet length, 3/8 in. 

0.020 

Long 

1 

80 

Long 

1 

305 

305 

.020 

-do- 

1 

200 

-do- 

1 

360 

360 

.020 

Satisfactory 

1 

145 

-do- 

1 

345 

345 

.020 

Long 

1 

80 





.032 

Satisfactory 

1 

260 

Satlsfactory 

1 

580 

580 

.032 

do 

1>2 

250 

do 

1 

530 

530 

.032 

Long 

1 

390 

-----do 

1 

570 

570 

.01^ 

Satisfactory 

1 

348 

— - — do- 

1 

780 

790 

.o»»o 

do 

1,2 

U05 

— - — do 

1 

755 

760 

.0i»0 

do 

1 

375 

do 

1 

750 

760 

.051 

do 

2 

550 

-----do----- 

1,2 

955 

1030 

.051 

do 

2 

520 

do 

1 

1015 

1045 

.051 

do-- — 

2 

470 

— --do 

1,2 

945 

1030 

.06ii 

do 

2 

855 

do 

3 

1075 

U 40 

.064 

do 

1,2 

915 

do----- 

3 

1100 

1185 

.06U 

do 

1,2 

945 

do 

3 

1035 

1145 

.081 

do 

2 

1070 

do 

3 

1260 

1345 

.081 

do 

1,2 

1220 

do 

3 

1 U 5 

1140 

.081 

do 

1,2 

1175 

do 

3 

1125 

1250 

.102 

do 

2 

1740 

do 

3 

1000 , 

1115 

.102 

do- 

2 

1895 

do 

3 

1220 

1300 

.102 

do 

2 

1495 

do 

3 

II8D 

1275 

.156 

Short 

2 

1625 

Short 

3 

1090 

1275 

.156 

--do- 

2 

1740 

— do- 

3 

1245 

1250 

.156 

"do- 

2 

1805 

--do- 

3 

il6o 

1240 

Rivet length, 7/16 in. 

0.020 

Long 

1 

65 

Long 

1 

300 

300 

.020 

-do- 

1 

125 

-do- 

1 

300 

300 

.020 

-do- 

1 

145 

-do- 

1 

310 

310 

.032 

-do- 

1 

95 

-do- 

1 

615 

625 

.032 

-do- 

1 

115 

-do- 

1 

585 

610 

.032 

-do- 

1 

290 

-do- 

1 

700 

700 

.064 

Satlsfactory 

2 

835 

Satlsfac tory 

1,2 

1100 

1200 

.064 

Long 

1 

1175 

— --do 

2,3 

990 

1100 

.064 

Satisfactory 

2 

790 

do 

3 

1060 

1200 

.064 




-do 

3 

1060 

1245 

.064 




-do 

3 

1350 

1405 

.081 

do 

2 

1150 

do 

3 

1100 

1150 

.081 

do 

2 

1110 

do 

3 

1000 

1240 

.081 

do 

2 

1100 

do 

3 

1100 

1250 

.091 

do 

2 

1550 

-- — do 

3 

1070 

1240 

.091 

do 

1,2 

1370 

do 

3 

1100 

1190 

.091 

do 

2 

1400 

do 

3 

1060 

1155 

.102 

do 

2 

1490 

-----do- 

3 

1190 

1280 

.102 

do 

2 

1590 

-----do--"—- 

3 

1130 

1200 

.102 

do 

2 

1575 

-do 

3 

1050 

1190 

.102 




-----do----- 

3 

1180 

1240 

•125 

do 

3 

2180 

do — -- 

3 

U30 

1230 

.125 

do 

2 

2185 

-- — -do----- 

3 

1185 

1185 

.125 

do 

3 

2085 

-----do----- 

3 

1220 

1225 

.125 

-do 

2 

1610 





.125 

do 

2 

lo 40 





.125 

do 

2 

2195 





.156 

Short 

2 

1955 

•Short 

3 

1040 

1200 

.156 

--do- 

2 

1880 

--do- 

3 

1200 

1345 

.156 

— do- 

2 

1985 

--do- 

3 

1150 

1250 

.156 




--do- 

3 

U30 

1250 





--do- 

3 

1120 

1250 


*Vailure types identified in figs. 6 to 8. 
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Figure /. - Tensile specimen. 


Fig. 2 
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Figure 2. - Shear specimen. 
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Fig. 3 




C7 

I- Hole preparation and rivet 2- Rivet before driving 



3 -Rivet after driving 4 -Rivet after milling 
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Figure J. - NACA fiush- riveting procedure. 


Fig. 4 
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Figure 4. - Fixtures and specimen for tensile 

tests. 
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Fig. 5 
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Figure 5 .- Method of measuring sUp in shear 

tests. 


Fig. 6 
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Figure 6.- Type 1 failure; countersunk head pulls through sheet. 
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Fig. 7 
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Figure 7.- Type 2 failure; countersunk head shears off. 

NATIONAL ADVISORY COIlifITTBB FOR ABR0NAUTIC8 
LANOLBT MBMORIAL ABRONAUTICAL LABORATORY - LAXOLBT PIBLO# VA. 





Fig. 8 
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Figure 8.- Type 3 failure; rivet fails in shank. 
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Figure Q.~ Load- slip curves for age-hardened I7S-T rivets machine- 
coun ter sunk in 7bS-T sheet. Rivet diameter, ^inch. 
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Fig. 10 
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Figure 10. - Load-slip curves for age-hardened ITS-T rivets machine- 
countersunk in 7bS-T sheet. Rivet diameter, ^inch. 
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Fig. 10 cone. 
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Figure lO.-Conduded. 
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Fig. 11 
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Figure //. - Load -slip curves for age-hardened 175-1 rivets machine- 
countersunk in 735-T sheet. Rivet diameter^ inch. 
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Fig. 11 cone. 
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Figure //. - Concluded. 
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(a) Rivet length, inch. 


Figure 12.- Test results for oge- hardened 173-T rivets 
machine -countersunk in V3S~T sheet. Rivet 
diameter, ^ inch. 
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Fig. 12 cone. 
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fa) Rivet length, inch. 


Figure 13.- Test results for oge- hardened U S-T rivets 
machine -countersunk in T3S~F sheet. Rivet 
diameter, i'^ch. 
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Fig. 13b 
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(b) Qivef length, ^ inch. 


Figure 13. - Continued. 




Shoar had per rivet, !b Tensile had per rivet, !b 


Fig. 13c 
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Figure 13.- Continued. 
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Fig. 13d 
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(d) Rivet length, -j^inch. 


Figure 13. - Continued. 
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Fig. 14a 
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(a) Rivet length, inch. 


Figure 1 4. -Test results for age- hardened US-T rivets 
machine -countersunk in 75S~T sheet. Rivet 
diameter, ^inch. 




Shoar had per rivet, !b Tensi/e load per riyet, !b 


Fig. 14b 
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fb) Rivet length, flinch. 


Figure !4.- Continued. 


Shoar had per rivet, Jb Tensile had per rivet lb 
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Fig. 14c 
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(c) Rivet length, -^inch. 


Figure 14. - Continued. 
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(d) Rivet length, ^inch. 


r igurp 14.- Concluded. 


3hQcir had per rivet, !b Tensile load per rivet, lb 


NACA TN No. 1205 


Fig. 15 




Sheet thickness, in. 
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Figure 15. - Strength of age-hardened I7S~T rivets ma- 
chine-countersunk in 735 -T sheet, with lengths 
satisfactory for flushness. Rivet diameter, inch. 
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Fig. 16 
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Figure Id.- Strength of age-hardened /73-J rivets ma- 
chine-countersunk in 753-1 sheet, with lengths 
satisfactory for flush ness. Rivet diameter, inch. 
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Fig. 17 




Figure U.- Strength of age-hardened I7S-T rivets mo' 
chine -countersunk in 75S-J sheet, with lengths 
satisfactory for fiushness. Rivet diameter, ^ inch. 
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Figure 13^- Limiting combinations of rivet length 
and gnip length for age-hardened IFd~T 
rivets machine- countersunk in 735-J sheet. 
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Fig. 19 
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Fipure 19.- Strength of age- hardened US-J rivets ma- 
chine-countersunk in YSS’T sheet, with a ratio 
of buck to diameter in the optimum range, 
between 0.9 and 1.5. 





